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In this work, we evaluated the ovicidal activity and the deleterious effects of cashew (Anacardium occidentale)
nut shell oil and its fractions on the development of Musca domestica and Chrysomya megacephala, important
vectors of several diseases. The insecticidal effects of this plant were also measured on the first and second instar
larvae of Anticarsia gemmatalis and Spodoptera frugiperda, soy and maize pests, respectively. The fly eggs and
the crop pest insect larvae were exposed to the cashew (Anacardium occidentale) nut shell liquid (CNSL) and its
fractions: technical CNSL, anacardic acid, cardanol and cardol. The results show that the cardol fraction, for both
species of flies, presented the lowest lethal concentration with LC50 of 80.4 mg/L for M. domestica and 90.2 mg/L
for C. megacephala. For the mortality of the larvae of A. gemmatalis and S. frugiperda, the most effective fraction
was anacardic acid with LC50 of 295.1 mg/L and 318.4 mg/L, respectively. In all species, the mortality rate of the
commercial compounds (cypermethrin 600 mg/L and temephos 2 mg/L) was higher than that of the evaluated
compounds. Despite this, the results obtained suggest their potential in field trials, once the fractions of A.
occidentale presented high mortality at low lethal concentrations in laboratory conditions, with the possibility of
integrated use in the control of disease vectors and agricultural pests, employing ecofriendly compounds.
Keywords: disease vectors, crop pests, larvae, insecticidal effects, cashew nut shell liquid, biological activity,
phytochemistry.
Introduction
Musca domestica (LINNAEUS 1758; Diptera: Muscidae)
and Chrysomya megacephala (FABRICIUS 1794; Diptera:
Calliphoridae) are arthropods that present medical,
sanitary and veterinary relevance. These flies are
vectors of pathogenic enterobacteria such as Citro-
bacter sp., Proteus mirabilis, Morganella sp., Klebsiella
sp., Pseudomonas sp. and Salmonella agona.[1] In
addition, the species larvae are parasitoids and are
frequently associated with myiasis in humans and
animals.[2–4]
These flies are cosmopolitan species and therefore
are endowed with high power of dispersion, great
voracity in predation and extremely competitive
behaviors. These traits make the species more preva-
lent among human populations than other flies,[5,6]
thus increasing the incidence risk and prevalence of
diseases transmitted by these vectors. When in the
adult phase and fertilized, the females of these species
seek decaying organic waste such as manure, corpses
and organic garbage to perform the egg-laying. The
occurrence, distribution and predominance of these
species are factors of great importance for the
evaluation of a population’s health conditions, since
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they indicate hygiene habits of both domestic and
business institutions.[7]
Anticarsia gemmatalis (HÜBNER 1818) and Spodoptera
frugiperda (J.E. SMITH 1797) are insects of the Lepidop-
tera order and the Noctuidae family. A. gemmatalis is
one of the most important soybean defoliators in
Brazil, and for that reason, it is known as the soybean
caterpillar. The insect can be found in all production
sites and represents a problem to both quantity and
quality of Brazilian soya crops.[8,9] S. frugiperda is
known as the fall armyworm caterpillar by maize
growers in Brazil, and the importance of this insect lies
on the damage that it causes to the corn cultivation,
since corn is one of the most relevant Brazilian crops.
The life cycles of both A. gemmatalis and S.
frugiperda are holometabolic, starting from eggs and
going through larvae and pupae stages. The combat
against these arthropods is greatly important to the
economy and agribusiness,[10,11] and the main control
of the populations is made in the larval stages for both
species.
Several chemical insecticides have been used
against these arthropods, such as cypermethrin, beta-
cyclutrin and permethrin. However, the indiscriminate
use of these substances may favor the selection of
resistant individuals,[12,13] leading to insecticide dose
increase. Overexposure to these compounds may
endanger human populations and other insects, with
negative effects on human health and the mainte-
nance of ecosystems.[14,15] In this context, insecticides
of botanical origin appear as an alternative for the
control of insect disease vectors, since these options
are biodegradable and have high specificity and low
toxicity to vertebrates.[16–20]
The Anacardium occidentale L. (cashew) tree, culti-
vated extensively in Brazil, seems to be a promising
alternative to chemical insecticides, as suggested in
several studies that used substances extracted from
this plant on mosquitoes.[21,22] However, its insecticidal
potential on insects of agricultural importance has not
been exhaustively reported, reinforcing the relevance
of the present study, except Adedire et al.[23] who
reported the toxicity of the extract against stored
product pest.
From A. occidentale fruit, it is possible to extract a
dark and inflammable liquid called cashew nut shell
liquid (CNSL). This material is one of the richest
sources of non-isoprenoid phenolic lipids (NIPLs) such
as anacardic acid, cardol, cardanol and methylcardol
(saturated and unsaturated) (Figure 1). During the
manufacturing process of the kernel (hot oil process),
the anacardic acid undergoes thermal decarboxylation
and is converted into the technical CNSL as a by-
product that mainly contains cardanol (in a range
varying between 67.82 and 94.60% of the total
composition).[24,25] On the other hand, different proc-
esses may be employed for obtaining the natural
CNSL (presses) extraction and solvent extraction.[26]
The CNSL, anacardic acids, cardols, cardanols and
methylcardols have been used for functional products
and as a feedstock for production of fine chemicals
Figure 1. Scheme representation of structures of the organic molecules extracted from the natural and technical cashew nut shell
liquid (CNSL). Adapted from Carvalho et al.[27]
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and a wide variety of new materials, including
potential bioactive compounds.[22,26]
In order to demonstrate the insecticidal activity of
the natural cashew nut shell liquid (CNSL) and its
fractions in A. gemmatalis, S. frugiperda, M. domestica
and C. megacephala, we carried out several assays to
evaluate the ovicidal and larvicidal potential of the
compounds, as well as the effects on the development
of the larval stage.
Results and Discussion
Ovicidal Effects on M. domestica and C. megacephala
In the first trial, all fractions extracted from cashew (A.
occidentale) nut shell were tested at 150.0 mg/L on M.
domestica and 250.0 mg/L on C. megacephala, result-
ing in total of the eggs. In order to determine the LC50
values, several concentrations of the same fractions
were used, showing that the LC50 values ranged from
80.4 to 104.5 mg/L for M. domestica, in which cardanol
and technical CNSL presented the lowest ovicidal
activities between the compounds tested (low %
mortality; Table 1). For C. megacephala eggs, the LC50
values were from 90.2 to 188.3 mg/L and cardanol
exhibited the highest ovicidal activity.
There was no egg inviability in the negative control
(1% DMSO), whereas positive control with cypermeth-
rin (3 mL/L of water – 600 mg/L) treatment completely
impaired the egg hatching. There was no statistical
difference between the samples of natural CNSL,
anacardic acid and cardol in the ovicidal action on the
eggs of M. domestica. The cardanol and technical CNSL
samples showed higher lethal concentration LC50
when compared to the other fractions, which indicates
a lower ovicidal activity (Figure 2A).
The samples extracted from A. occidentale with
significant ovicidal effect on C. megacephala were
cardol, anacardic acid, natural CNSL, technical CNSL
and cardanol, respectively. There was 100% inviability
of the eggs at the concentration of 250 mg/L (Fig-
ure 2B), with lethal concentrations of LC50 shown in
Table 2. There were no egg deaths in the negative
control (1% DMSO), emphasizing that the cardol
Table 1. Susceptibility of Musca domestica and Chrysomya megacephala eggs of natural CNSL, technical CNSL, anacardic acid,
cardanol and cardol after 48 h.
Sample LC50 (95% CI)
[a] [mg/L]
Musca domestica[b] Chrysomya megacephala[b]
Natural CNSL 85.1 (84.1–86.1)[a] 102.3 (100.1–104.5)[b]
Technical CNSL 98.7 (96.3–101.1)[b] 110.3 (108.4–112.2)[b]
Anacardic acid 84.9 (84.0–85.8)[a] 99.1 (96.3–101.9)[a,b]
Cardanol 104.5 (99.7–109.3)[b] 188.3 (185.8–190.8)[c]
Cardol 80.4 (77.5–83.3)[a] 90.2 (87.6–92.8)[a]
Cypermethrin 600 mg/L (control positive): 100% eggs inviability of the both species. [a] LC50-lethal concentration required to kill
50% of the eggs, mg/L-milligrams per liter, 95% CI=95% confidence interval–confidence coefficient (α)=5%. All results were
obtained through the Probit program.[28] [b]Data were analyzed by ANOVA and the means were compared by the Tukey’s test, for
n=3 and p<0.05.[29] Means followed by the same letter in the same column, not different from each other by Tukey’s test.
Table 2. Susceptibility of Anticarsia gemmatalis caterpillars (L1 and L2) to the fractions of natural CNSL, technical CNSL, anacardic
acid, cardanol and cardol after 72 h of exposure.
Sample LC50 (95% CI)
[a] [mg/L]
Stage L1[b] Stage L2[b]
Natural CNSL 342.2 (327.4–357.0)[c] 471.0 (462.0–480.0)[c]
Technical CNSL 360.2 (351.7–368.7)[c,d] 480.2 (470.6–489.8)[c,d]
Anacardic acid 295.1 (289.5–300.7)[a] 358.6 (347.8–369.4)[a]
Cardanol 367.4 (355.5–379.3)[c,d] 494.2 (486.7–501.7)[c,d]
Cardol 310.4 (304.2–316.6)[a,b] 375.6 (365.9–385.3)[a,b]
Temephos 2 mg/L (control positive): 100% mortality of L1 and L2 larvae. [a] LC50 – lethal concentration required to kill 50% of the
larvae, mg/L – milligrams per liter, 95% CI=95% confidence interval-confidence coefficient (α)=5%. All results were obtained
through the Probit program.[28] [b] Data were analyzed by ANOVA and the means were compared by the Tukey’s test, for n=3 and
p<0.05.[29] Means followed by the same letter in the same column, not different from each other by Tukey’s test.
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fraction presented the lowest lethal concentration. The
cardanol fraction presented higher statistical differ-
ence with higher LC50 than all of the other fractions on
eggs of C. megacephala.
Larvicidal Activity on A. gemmatalis and S. frugiperda
All A. occidentale oil samples exhibited insecticidal
activity on A. gemmatalis (Table 2) and S. frugiperda L1
and L2 larvae (Table 3). There was no mortality of
larvae in the negative control (1% DMSO) in both
species. However, the mortality of the larvae for the
positive control group (temephos 2 mg/L) was total.
There was a statistical difference between the techni-
cal CNSL and cardanol samples that presented higher
lethal concentrations LC50 when compared to the
samples of natural CNSL, anacardic acid and cardol.
The anacardic acid and cardol acid samples presented
lower lethal concentrations and greater insecticidal
activities on L1 and L2 larvae of both species as
presented in Tables 2 and 3.
These results, according to several works, indicate
that plants are sources of substances and molecules
with entomopathogenic effects. These botanical origin
insecticidal compounds are widely reported in the
literature on several types of arthropods, including
those of medical and agricultural relevance.[18,19,23] For
example, Chauhan et al.[30] evaluated the effects of the
hexane and other extracts of leaves, bark and roots of
Jatropha curcas, performing a screening for their
Figure 2. Egg mortality caused by the cashew nut shell fractions at concentrations of A) 150 mg/L on M. domestica and B) 250 mg/L
on C. megacephala, expressed as percentage mortality� standard deviation (SD). Statistical difference between means analyzed by
ANOVA, for n=3 (30 eggs per replicate), p<0.05 (*) and p<0.01 (**).[29]
Table 3. Susceptibility of Spodoptera frugiperda caterpillars (L1 and L2) to the fractions of natural CNSL, technical CNSL, anacardic
acid, cardanol and cardol after 72 h of exposure.
Sample LC50 (95% CI)
[a] [mg/L]
Stage L1[b] Stage L2[b]
Natural CNSL 353.4 (348.4–358.4)b 480.3 (471.4–489.2)b
Technical CNSL 366.0 (356.5–375.6)bc 492.2 (482.8–501.6)bc
Anacardic acid 318.4 (310.7–326.1)a 432.2 (425.2–439.2)a
Cardanol 380.5 (371.6–389.4)cd 501.7 (494.8–508.6)c
Cardol 330.1 (323.7–336.5)ab 455.2 (448.4–462.0)ab
Temephos 2 mg/L (control positive): 100% mortality of L1 and L2 larvae. [a] LC50 – lethal concentration required to kill 50% of the
larvae, mg/L – milligrams per liter, 95% CI=95% confidence interval-confidence coefficient (α)=5%. All results were obtained
through the Probit program.[28] [b] Data were analyzed by ANOVA and the means were compared by the Tukey’s test, for n=3 and
p<0.05.[29] Means followed by the same letter in the same column, not different from each other by Tukey’s test.
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toxicity against different developmental stages of
housefly (M. domestica). The authors observed that, in
general, the extracts were lethal for all stages of
housefly in concentrations of 0.27–14.28 mg/cm2.
Besides that, the results obtained in this research
are relevant considering the existing botanical insecti-
cide studies, given that ovicidal activity and harmful
effects on the development of flies are not frequently
encountered. The literature only documents informa-
tion about plant products acting on repellence of all
stages of the flies’ life, which have non-lethal effects.
Under the conditions in which this work was
carried out, the data showed that M. domestica
exhibited higher susceptibility to the insecticidal
effects of A. occidentale oil fractions than C. mega-
cephala. These results were observed in both egg
viability and biological development of the species.
Similar results were observed by Sukontason et al.[31]
with eucalyptol on third instar larvae of the same
species, given that M. domestica (101 μg/μL) was more
susceptible to eucalyptol than C. megacephala
(642 μg/μL).
The fractions of A. occidentale oil that showed the
best ovicidal effect for both species were cardol and
anacardic acid with LC50 80.4 mg/L and 84.9 mg/L for
M. domestica and 90.2 mg/L and 99.1 mg/L for C.
megacephala, respectively. In a study conducted by
Cosme et al.,[32] in which a hand sprayer with azadir-
achtin Nim-I-Go® at a concentration of 100 mg/L was
used on eggs of Cycloneda sanguinea, the species did
not show susceptibility to the compound evaluated.
On the other hand, our study shows that lethal
concentrations (LC50) were observed in all fractions of
A. occidentale oil, indicating a better performance of
the fractions tested in this research.
Araujo et al.[33] analyzed the results of acetamiprid
sprayed at 0.060 g per liter of water (g.a.i./L) on
Liriomyza sativae leafminer eggs, this dose being the
highest indicated by the manufacturer and obtaining
only 70% mortality of larvae and pupae. The hatching
of larvae demonstrated that the tested product had no
significant ovicidal action, however, there was an
insecticidal effect on the reproductive cycle of larvae
and pupae of this fly. In contrast, the present work
showed that, in all A. occidentale oil samples, the
larvae that hatched did not reach the pupae stage.
The results reported by El-Shazly et al.[34] evaluated
the effects of the ethanolic extract of Nerium oleander
on the second instar (L2) larvae of Muscina stables, in
which the lethal concentration LC50 was 113.66 mg/L
and pupation delay was observed in the surviving
larvae. The LC50 results with the cardol sample of A.
occidentale were lower and no species of the flies
exposed to this sample reached the pupae stage.
Soonwera and Sinthusiri[35] evaluated the larvicidal,
pupicidal, adulticidal, oviposition deterrent and ovici-
dal activities of the essential oils of Syzygium aromati-
cum (clove) and Cymbopogon citratus (lemongrass)
against Musca domestica. They observed that the
highest insecticidal activity was shown by clove oil
with LC50 values of 1.20–10.55%, and clove oil also
exhibited highest oviposition deterrent and ovicidal
activities with 100% effective repellency and 0% of
hatching rate. Recently, a research reported that the
aqueous extracts of powdered seeds, peels and
pomaces were able to inhibit completely the hatching
of the Musca domestica eggs at a concentration of
150 μg/mL and also were able to kill the L3 larvae.[36]
Similar results of hatching rate (between 0–5%) was
found for the natural and technical CNSL, anacardic
acid and cardanol fractions of A. occidentale (Fig-
ure 2A).
Nine plant essential oils were screened for ovicidal
activity against C. megacephala, among them the
essential oil from Eugenia caryophyllata, Illicium verum
and Cinnamomum cassia exhibited the most activity
(LC50=1.61, 2.49 and 0.43 mg/mL, respectively), how-
ever the results for all fractions of A. occidentale
(LC50=0.090 to 0.11 mg/mL or 90.2–110.3 mg/L) are
better than those observed by the authors.[37]
Fernandes et al.[38] evaluated the efficacy of an
emulsion containing 10% neem oil applied to the
substrate containing the third instar (L3) larvae of
Musca domestica in a single daily dose until pupae
formation. The efficacy of the product in larvae control
of the species was 10.2 and 16.9%, however, applica-
tions were made daily to reach significant effects. In
our study, A. occidentale oil fractions were applied to
eggs of M. domestica and C. megacephala only once,
thus obtaining ovicidal effects. Consequently, larvicidal
effects were also observed, interfering in the biological
development of these flies.
Pest control, when carried out during the early
stages of development, prevents plant damage when
compared with the control at later pest developmental
stages. For this reason, we decided to use L1 and L2
caterpillars of A. gemmatalis and S. frugiperda in our
work.
In evaluating the potential of plant extracts in the
control of A. gemmatalis under field conditions,
Schlüter[39] tested the aqueous extract of cinnamon on
the species larvae and demonstrated insecticidal
action on caterpillars of A. gemmatalis in the concen-
tration of 16.67% with seven days of applications. In
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this study, although under laboratory conditions,
mortality of A. gemmatalis L1 and L2 caterpillars was
observed in 72 h. In a study conducted by Prates
et al.[40] with Nim aqueous extract on S. frugiperda
caterpillars, the researchers obtained LC50=
2.67 mgmL  1 or 2670 mg/L, approximately five times
the value shown by the cardanol sample in this work.
Lucena et al.[41] evaluated the biological activity of
hexane, ethyl acetate and ethanol extracts of P.
aduncum leaves on mortality and duration of larval
and pupal periods of A. gemmatalis and S. frugiperda
pupae. The mortality of A. gemmatalis larvae in trials
with P. aduncum extracts were 93.3% (hexane) and
90% (ethyl acetate), estimating LC50 of 6350 and
5790 mg/L, respectively. For S. frugiperda, the mortality
with hexane extract ranged from 3.33% to 96.66%
(LC50 8220 mg/L). In our study, we found the LC50
values of 318.4–501.7 mg/L for S. frugiperda and
358.6–494.2 mg/L for A. gemmatalis for samples from
A. occidentale, values approximately 10 times lower
than that found for the extracts of P. aduncum leaves.
Conclusions
In conclusion, any of the fractions of CNSL, technical
CNSL, anacardic acid, cardanol and cardol can be used
as an alternative for the population control of flies that
present both medical relevance (M. domestica and C.
megacephala) and agricultural importance (A. gemma-
talis and S. frugiperda). Therefore, the bioinsecticidal
activity of these fractions can be explored for
integrated management in the population control of
disease vectors, since natural compounds and their
derivatives, which are often less toxic, biodegrade
more easily, have shorter intervals between applica-
tions, are more difficult to develop resistance and
exhibit a variety of biological effects as botanical
insecticides.[42] However, suggesting the necessity of
further studies in field conditions to verify photo and
thermo stability of these compounds is advocated.
Experimental Section
Isolation of Natural CNSL and Its Fractions
The cashew nuts from A. occidentale specimens were
collected on 12th November 2016 in Sobradinho,
Federal District, Brazil. The plant was identified by
Jéssika Vieira (University of Brasilia, Federal District
70910-900, Brazil) and a voucher specimen (216955)
was deposited with the University of Brasilia Herba-
rium, Brazil. The natural and technical cashew nut shell
liquid (CNSL) as well as the fractions derived therefrom
(anacardic acid, cardanol and cardol) were obtained
and characterized in the Laboratory of Isolation and
Transformation of Organic Molecules (LITMO) of the
Institute of Chemistry of the University of Brasilia
(UnB). The obtainment methodology is described
below.
For the isolation of the natural cashew nut shell
liquid, fresh cashew nuts (A. occidentale) were cut into
two parts to remove the almond and then fragmented
into smaller pieces. Thus, 263.00 g of nut shells were
exhaustively exposed to 900 mL of ethanol for 15 h in
a Soxhlet apparatus, for extracting the oil. After simple
filtration and evaporation of the solvent, the dark oil
was obtained (65.0 g, 24.7% wt/wt). The sample
analogous to the technical CNSL was obtained by
employing a thermal process, by refluxing of natural
oil to 180 °C for 4 h, followed by distillation carried out
at 200 °C to 240 °C under reduced pressure of
2 mmHg.
To obtain the anacardic acid and other mixture of
phenols, 30.02 g of crude CNSL were dissolved in
200 mL of methanol under stirring in a 500 mL round-
bottomed flask. After dissolution, 19.02 g of calcium
hydroxide were gradually added to the mixture while
vigorously stirring. Then, the temperature of the
mixture was raised to 50 °C and the supernatant
solution was monitored by thin layer chromatogra-
phy–TLC (silica gel 60 F254/0.2 mm, hexane/ethyl
acetate 4 :1), visualized under UV radiation with
sulfuric vanillin to check the absence of anacardic acid.
At the end of the reaction, about 2 h 45 min after it
started, the precipitated calcium anacardate was
filtered in a sintered funnel and exhaustively washed
with methanol to separate 42.20 g of the calcium
anacardate from the other phenols. The filtrate, free of
anacardic acid (similar to the technical CNSL), was
dried over anhydrous sodium sulfate, filtered and
finally concentrated in a rotatory evaporator to yield
11.50 g of phenol mixture, which was fractionated by
dry-flash column chromatography. The mixture of
phenols (11.50 g) was supported in 15 g of silica gel,
placed on top of a silica gel column and eluted under
suction with a gradient of hexane and ethyl acetate. In
this way, all the fractions of A. occidentale were
obtained.
To obtain anacardic acid, 15.00 g of calcium
anacardate were suspended in 50 mL of distilled
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water, followed by the addition of 9 mL of
hydrochloric acid and 150 mL of ethyl acetate. After
kept under stirring for 1 h, the organic layer was
washed with saline (5×50 mL) and dried over anhy-
drous sodium sulfate. The mixture was then filtered
and finally concentrated under reduced pressure to
obtain the mixture of anacardic acid.
The characterization of the obtained anacardic acid,
cardanol and cardol was confirmed by high perform-
ance liquid chromatography (HPLC) and spectrometric
techniques (IR, 1H- and 13C-NMR).
Eggs of M. domestica and C. megacephala
The colonies of M. domestica and C. megacephala were
established from larvae and adults collected using
baits consisting of fishes’ carcasses and decomposed
bovine liver placed in the landfill of the Cidade
Ocidental de Goiás city that is part of the surroundings
of Brasília.
The capture of adult flies was performed with the
help of entomological traps, made of polyethylene
terephthalate (PET) bottles, in which the fishes’
carcasses and decomposing bovine liver were placed.
The larvae were collected by removing the larvae from
the baits.
The flies were duly identified after captured. The
identification of M. domestica was performed accord-
ing to Britto et al.[43] and C. megacephala was identi-
fied according to Carvalho and Ribeiro.[44] The flies
were then transferred to wooden cages (60 cm length
×40 cm width ×50 cm height) covered on the back
and top sides with a nylon mesh top opening to allow
the handling of the specimens, eggs and larvae.
As a substrate for oviposition, ground beef in
decomposition (about 25.00 mg/container) was used,
following protocol created by Estrada et al.[45] with
modifications. After the oviposition, the eggs were
transferred to another recipient with egg masses and
early decomposing meat (fresh ground beef, thawed
and kept for 12 days in a refrigerator at 12 °C). This
diet was deposited in plastic containers with a capacity
of 500 mL and inserted into another plastic container
with a capacity of 1000 mL until the pupae formation.
Larvae of A. gemmatalis and S. frugiperda
The caterpillars (L1 and L2) of A. gemmatalis and S.
frugiperda were supplied by the insect breeding
laboratory of EMBRAPA Recursos Genetica e Biotecno-
logia (Cenargen).
Bioassays with Flies
The bioassays were carried out in the insect breeding
laboratory of the EMBRAPA Cenargen. A portion (10 g)
of diet for each species were placed in 30 mL capacity
plastic cups covered with organza fabric, to which the
eggs were transferred. The bioassays were maintained
at 25�2 °C, relative humidity of 70�10% and photo-
period of 12 h.
For each sample, a stock solution with in vitro CNSL
was prepared with its fractions (anacardic acid, techni-
cal CNSL, cardanol and cardol) that were solubilized in
1% DMSO and water, which was added in a sufficient
volume to reach the concentration of 300 mg/L. From
these solutions, a series of dilutions were made in
order to obtain concentrations of 250, 200, 150, 100,
50 and 25 mg/L, which were sprayed over 30 freshly
laid eggs of each species in the cups that contained
food (with 3 seconds of spraying duration for each
treatment). All bioassays were performed in triplicate.
Mortality readings were made after 48 h of egg
exposure to the solutions, and eggs that did not show
larvae hatching out within 48 h were considered
inviable. All experiments were accompanied by a
positive and a negative control. The positive control
consisted of 3 mL of cypermethrin diluted in 1 L of
water (600 mg/L), according to the dose recom-
mended by the manufacturer. The negative control
was performed with 1% DMSO and its volume was
adjusted with distilled water. Both of the solutions
were sprayed with the aid of a hand-operated
compression sprayer equipped with a flat fan nozzle
on the same number of eggs as the treatments.
The larvae that hatched out from the eggs of the
treatment groups, with CNSL and its fractions, for both
species, had their development monitored to verify
possible changes in the biological cycle.
Bioassay with Crop Pests
The bioassays were performed using A. gemmatalis
and S. frugiperda L1 and L2 (newly hatched) larvae. All
tests were performed under laboratory conditions at
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25�2 °C, relative humidity of 80�5% and photo-
period of 14 h. The L1 and L2 caterpillars were placed
in 30 mL capacity plastic cups with an acrylic lid
containing 10 g of artificial diet, specific for each
species, following their respective protocols.[46] Then,
fractions of A. occidentale oil were weighed, presolubi-
lized in 1% DMSO and solubilized in water, which was
used for volume adjustments. For each sample, a
starting solution at the concentration of 800 mg/L was
tested and, from this solution, a series of dilutions
were prepared in order to reach concentrations down
to 100 mg/L. Thus, 20 L1 and L2 caterpillars/larvae of
each species were added separately to the cups with
the diets where the solutions were sprayed, following
the protocol described by Cosme et al.[32] with mod-
ifications. The mixtures were sprayed three times, with
an interval of 4 h between each spraying. Then, the
LC50 lethal concentration (concentration needed to kill
50% of assayed caterpillars/larvae) was obtained. All
bioassays were performed in triplicate. Mortality read-
ings were taken after 72 h of exposure of the
caterpillars to the samples. All experiments were
accompanied by a series of negative controls contain-
ing the same number of caterpillars/larvae and the
same volume of 1% DMSO, utilizing similar application
conditions. For the bioassays with positive control,
2 mg/L temephos was used for each stage of cater-
pillars, following the same protocol.
Statistical Analysis
The LC50 values of all the samples for eggs of both flies
species and larvae of crop insect pests were deter-
mined by Probit analysis.[28] The data were subjected
to Analysis of Variance (ANOVA) and Tukey’s test,[29]
comparing the egg inviability and larval mortality of
non-exposed individuals and individuals that were
treated with A. occidentale fractions, being considered
significant values of p<0.05.
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